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A technigue for preparing, euring, and sutoclsving 1 by 1- by 10-nch coment-lime '
bare was developed, and the expsneive characteristios of 20 commercial hydrated limes
warg datermined.  On the basis of chamical analysiy and percentage of unhydrated oxids,
the hydrated limes were claasified into four series: high-caleium, regulariy hydested dolomitie,
highly hydrated dolomitie, and magnesten. Dala on’the expansions of cement-lme barsy
prepared in the proportions of 2 parts cement to 1 part lime, 1 part cement to 1 part lime,
apd 1 part cement to 2 parta lime, by weight, and autoclaved to 285 pounds per sgnarg lnch
gage presaure for 2 hours, showed that bars prepared with the regularly hydrated delomitio
limes, which had the highest percentsges of unhydrated oxides, bad the highest per-
centages of expansion. The high-caleivm limes, oharacterized, in general, by the lowest
percentages of unhydrated oxides, gave the lowest percentages of expansion. Most of the
highly hydrated dolomitic limes had percentages of unhydrated oxide and expsnsion that
were comparable to those of the high-osloium limes. An inorease in the proportion of lime
tn the eement-lime bars was attended by an inerease in axpansion. “The method for deter-
mining the linesr expension of cement-lime bara autoclaved at B sieam-gage pressurs of
295 Ibfin? (equivalent to a temperatirs of 216% C.) was found to be reproducible, by threo
independent operators. The effect of 17 different portland cements on the eapanesion of
sarneot-lme s showed thet the expansion vaiues for a partiealar itme tended to lnerease
af the expansion value of the constituent eement inercased. Arhitrarily subiracting the
ezpansion of the neat cement from the total expansion gave the most uniform reault for the
“net’” expandion of the lime. With an antoclave spesially modified for nsﬂe:rtniﬁing tha
behavior of cement-lime bars during the coume of autoclaving, it was found that only a
slight amount of the totsl expansion occurred before a tempersture of 150° C. was reached,
but abgve 150° C. a repid expaneion rate was noted, which in turn tapered off before A
tomperature of 216° €, waa reached. Retarding the rate of heating resubted in a decrsase
in the tots! expaneion. - Finally, from eriteria set forth for a procedurs Ior detenoining the
apunduess of hydrated 1imes, & test s proposed with a suggosted limit of expansion of 1.0

percent.

I. Inroduction

It is highly important that a mortar or plaster,
after being gaged with water and setting in place,
sholl not undergo appreciable change in volurne.
Sinee it was known that the hydration of the
constituents of lime s atiended by & marked
increase in velome, a study was made at the
Nationzl Bureaun of Standards of the hydration of
meagnesia in dolomitic hydrated litnes and put-
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ties [1]! The publication of the paper soon led
to consideration of the effect (if any) of unhydrated
megnesia n partizlly hydreated dolomitic litmes,
and the Bureau beceme interested in this problem
as it relates to plaster,

Extensive surveys showed that plaster faihures
characterized by the formation of bulges (large
blisters) in the white coat, as illustrated in

1 Figures in brackets indicats the litermbire referaness ai Ihe ond of this
Faper.
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Agures 1 oand 2, were widespread.  Some of the
salient features of the Burean’s findings were
siummarized recently [2] as follows:

“11) Not a single instanee has been found where
bideing ocourred in g white-coat plaster made with
high-caleinm lime (2) ordinary dolomitie hydrated
limes contain large amonnts of unhvdeated Me()
and little or no free Ca0; (3) hydration of the free
Mg to MglOH): is aceompaniod by marked
expansion; and (4) alter several years, the forces
set up by this hydration and attendant expansion
can nnd do enuse the formation of bulges and the
shearing of the white cont from the underlying
souts,"" A more detailed paper is being prepoved
on this subject,

As o result of these studies, the Bureau was
requested by other Government agencies to assist
in formulating a specification that would exeludo
purtinlly hydeated limes containing a high  per-
contage of nnhydreated oxides.  Accordingly, the
following tentative amendment 1o Federal Speci-
feation 53-L-351 for hydeated Lme [4] was
prepaced: “The total Tree (unhydested) ealeium
oxide (Ca0) and magnesinm oxide (Mgh)) in the
hydeated product shall not exceed 8 percent by
wolght (ealoulated on the ‘as received' basis).'
A method was given for determining the quantity
of unhydrated oxides.

Shortly therealter certaim of the manufacturers
of regularly hydeated dolomitic lime started pro-
ducing a more completely hydeated lime.  In
most instances this has been accomplished by in-
stalling autoclaves to Livdrate the lime ot eleyvated
femperatures amd pressures,

The S-percent limit of the unhydreated oxide in
hydrated limes recently has been included
specifications of the American Society for Testing
Matenals [4], as well a5 in those of the Amoernean
Standards Associntion [5] for the hydrated lime
to be used in white-coat plaster.

Nevertheless, a limitation on the percentage
of unhydrated oxide has been eriticized on the
score that the quantity of unhydrated oxide
itsell may not be a complete indieation of the
inherant expansive charseteristics of o hydreated
lime. Such an objection woulid be obyviated by a
performance test,  Sinee unsoundness usually does
not exhibit itsell for severnl vears, o feasible per-
formance test must also be an aceeloratod one,

Consequently, the purpose of the present in-
vestigation was to study more completely the ex-
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pansive charactensties of lydrated limes and to
obinin data and information that might be used
in formulating an sccelernted performanee fest
aceeptable for a specification for the soundness of
hydeated lime.

II. Scope

To procure o fair cross section of (e stroetural
hwdeated limes being produced i the United States,
80 samples reprisenting the different tvpes were
obtained from several widely separated lime-pro-
dusing centers,

Because there is no satisfactory Lest procedure
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for sscertaining volume-change characteristics of
hydrated limnesa alone, it 1s necessary to gage them
with some cemeantitions mataerial having hydeaulic
properiies and then to determine the expansive
properties of the resultent set mixture. After
numercus experiments, portland cement was
chosen as the most snitable gaging material.

It soon became evident that there were numer-
ouz factors that would have to be considered before
the technigoe of testing cement-lime specimens
could be developed. Among these were: The pro-
portion of cement to hydrated lime, the prepara-
tion and curing of the specimens, and the proce-
dure of autoclaving. .

Since autoclaves and auxliacy apparatus for
testing the soundness of poriland cement [6] are
already available in numercus testing laboratorics
throughout the United States, attention was di-
rected toward developing a procedure for testing
cemett-lime specitnens that would utilize this
equipraent.

Cement to lime mixtures proportioned 2:1, 1:1,
angd 1:2, by weight, and alve & 1:1:5 cemnent, lime,
gand mixture were tested. Siudies were made of
the ralation of sautoclave expansion values to the
quantities of unbydrated oxides ss determined by
chemical analyeea.

The reproducibility of the test results obtainad
by the use of the technique developed for Lhe tests
was obtained by comparing the values oblained
by independent operatora.

Autoclave testa were made of the effect of 17
different portland cementz on tha expansion
charactaristics of cement-lime mixtures.

A special apparatus was designed te measure
the expansion of test specimens during the course
of autoclaving, which facilitated studies of the
effect of the rate of hesting the autoclave to &
given final temperature, the final temperature
itgalf, and the duration of autoclaving.

On tha basiz of the techniques developed and
the results obtained in this investigation, supges-
tions are made for & test procedure for determining
the autoclave expansion of hydrated lime and the
limits that appear applicalle,

III. Materials
1. Hydrated Limes

Samples of the 80 representative hydrated
limes, in bag gquantities, were received directly
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from the manufaciurers. Upon receipt, the ma-
terizls wera stored in airtight containers until
used.

The chemiral analyses were made in aecordance
with Federal Specification 85-1.-351 for Hydrated
Lime [7, B], and the percentage of unhydrated
oxide wae caleplated in accordence with Pro-
posed Amendment 1 to this specification [3, 8]
The dats are recorded in table 1, columns 2 to 10,
inclueive.

On the basis of the chemieal nnalyses, the
hydrated limes were. classified as high-calcinm,
dolomitic, and magnesinn. Those containing less
than 5 percent of total magnesia arbitranly wers
classified as high-calcium, series A ; those with more
thar 25 percent as dolomitie, series B and C; and
four limes, having betwean 5 and 25 percent of
magnesia, as magnesian, series D. The hydrated
dolotaitic [imes were further subdivided into “'regu-
larly hydrated,” series B, where the major portion
of the magnesia had been left unhydrated, and
“highly hydrated,” series C, where the major por-
tion of the magnesia had been hydeated. The
designation highly hydrated fellows the terminolo-
ey already used in a recent publication [9] and
seems preferable to such terms as “autoelaved” or
“pressure hydrated limes", since some of the new
limes are produced by mathods that do not involva
stesm pressurea above atmospheric.

The hydrated limes in sach series are arranged
in tabla 1 by order of ineréasing percentage of
calculaied uohydrated oxides. With the exception
of the highly hydeated limes 67, 63, 71, 74, 75, and
76, which were experimentally produced, all of
the hydrated limes wers comnmercially available,

The subdivision of the hydrated limes into series
A, B, C, and D and the arrangement in each series
by order of incressing percentage of unhydrated
oxides will be maintained in subsequent tables and
figures.

No distinction betwaen “mason’s’” and ''bAnish-
ing" hydrated limes is being made in this investi-
gation, because the kind of unsoundness char-
acterized by an over-all increase in volume is of
conecern whother 8 lime is to be nsed in a mortar
or in a plaster.?

3 Tt shoald be emphasized that this king of Brsundness fa not ko De can-

nusd with the kind recolting in the fortiation of sl ehnberdlie bk Lnows
ns “plta™r et Mpors”, which aometimes offor oo plastertsk sorface,
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2, Cements

Seventeen hrands of portland cement wers uzed
in the investipation, The cements conformed te
Federal Specification 55—-C-192, Type 1 [10].

The autoclave expansions of the cements alone
ware determined in aceordance with a test that
had heen adopted as standard [6] and are listed
in table 2,

TapLE 2, Awloolove ecpansion of - by I- by 10-fn. neod
spermens of poriiand cemend for determination of sonndnesy
of porttand cemend T

Cotimenl [Lonar ex-|[ Cement [Ednear x| Coment |Linaar ax-
pARELD

number nmnher | jMmsitn | paiber | Pyl

% k: %
1 0,00 ) 'R 1] 13 15
2 il B R L] 13
2 i) 2 .11 15 ]
£ [ h 1 It o
a3 4 11 11 17 a0
Li] | 12 OF

1 Btandard method of test for sutoclavs expsosion of pontland ooment.
ARTM Dhealgnathon: CLE1—43, ASTM Btandards, part TI, 14 (I8} aba
Amerhan Aeseifation State Highway {Officiale Stendard AAZHO Noo
TU7-4% 28 well ap Foderal Speclficailon BE-C-108b—48 for Cement, Hy-
draulie; Getergl Spacifisations (methods for sampling, napeqtion, st tesl
Ing) [,

3. Sand

The sand used in the preliminary tesis on
cemant-lime-sand mortars was natural silica sand
from Oitawa, I, graded to pass a No. 20 sisve
and he retained o & No. 30 sieve. It conformed
to Federal Specification S8-C-158b, paragraph
F-51 [11].

IV. Preparation and Curing of Test
Specimens

All mixtures were prepared and all tests wore
performed in & laboratory in which the tempera-
ture wea maintained at 21° 11° C {70° L£2° ),
and the relative humidity at 55 15 percent. The
atraosphere of the moist closet was maintained at
the swme temperature a3 the laboratory and at s
relative humidity of 95 L3 percent.

The cement-lime test specimens, in the several
peries of tests, were proportioned by dry weight,
namely, 300 g of cement to 300 g of me, 200 g of
cetnent to 400 g of lime, and 500 g of cement to
260 g of lime; hereafter designated as 1C:1L,
10:2L, and 2C:1L, respectively. A limited num-
ber of mortar specimens was proportioned by dry
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weight in the ratio of 150 g of cement to 160 g of
lime to 760 g of sand; hereafter designated uz
1C:11:53. Theee quantities in each case were
sufficient for the preparation of two test specimens.

To prepars esment-lime bars soitable for puto-
claving, it was found necessary to modify the
method used for making portland cement bers as
given in Federal Specification S5-C-158h.

In the, preparation of the cement-lime bars, the
weighed amounta of cement and lime were shaken
vigorously in & 2-qt jar until the mixture appeared
uniform, The dry mix was spread on a sinooth,
nonabsorbent, noncorrosive plate and trowelled
unitil wisible agglommerates of lime were dispersed.
Then, after collzction of the material into a trun-
cated cone, an inner snd outer crater were formed
in the dry mix with the end of the handle of &
trowael,

For the rempinder of the operation, the hands
were protected with rubber gloves. During an
intarval of 2 min, (1) & measured quantity of clean
water (temperature 21° +1.7° C) was added; (2}
the dry material was folded over the exposed aur-
face of the water; and {3) the dry material was cut
into the water with the edze of a trowel. The mix
was worked by kneading, squeezing, and pounding
for an additional period of 3 min. The mass was
then allowed to stand undisturbed for 1 min and
finally vigorously reworked for 1 min,

The above procedure was found necessary be-
canse of the difficulty in welting cement-lima
mives and the tendency on the part of the operator
to add excessive quantities of mixing water o
most cement-lime mixes. By following these mod-
ifications, many mixes that at first appeared too
dry eventually acquired the desired consistency by
the vigorous working. The advantapes of this
procedure were twolold: (3) The quantity of mix-
ing water conld be reduced, and consequently the
breakaga of the bars resuliing irom shrinkage dur-
ing euring was almoszt wholly eliminated, and {2}
the quantity of water required by different limes
of the saine type was, with few cacoptions, reduced
0 A DAITOW range.

Following cotnpletion of mixing, the Vicat pene-
tration was determined aceording to the procedurs
given in Federal Specification S5-C-1568b 6], par-
agraph F—47. Although the procedure for testing
portland cement requires a Vicat penetration of
10 1 mm, it was found that this renge was too
parrow for cement-lime specimens for eagy repro-
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ducibility. Since it was found that small differ-
ences in congistency did not materially affect the
expansion of the coment-lime specimens, the range
was extended to 10 L5 mm. In 2 few Instances
specimens wers usad aven though the penetrations
were hot within this range, generslly becanvse there
wag insufficient material to prepare additional
specimens. -

'~ Immediately after the determination of the
Vicat penetration, the entire supply of putiy was
remixed for approximately 15 sec. The remixed
cement-lime puity was then molded into autoclave
bar molds according to the procedure given in
88-C-158b, paragraph F-61.
vided for test specimens having a cross section 1
in. by 1 in. and of 10-in. effective gape length,
55-C-158h, paragraph F-43 [6].

Immediately afier molding cach specitmen, its
exposed surface was covered with & atrip of wazed
paper pressed down on the mold. This waxed
paper reduced surface evaporation and minimized
the breakage, during curing, caused by shrinkage
cracks. The teszt specimens were stored in the
molds in a moist closet for at least 20 hrs, following
the requirements of S5-C-158%, parsgraph F-62.

The cement-lime-sand mortars were prepared
in sceordance with Federal Specifieation 35-C-
1816 [12], considering the mixturc of cement
and lime as masonry cement. ‘The consistency of
all mortars was adjusted to a fow of 1100 2.
The casting of the mortar into gutoclave bar molds
and aubsequent treatment were similar to that of
the cemant-lime puttics.

At 23 41 br after molding the apecimens, they
were Temoved from the moist cloget, measured for
length, and placed in the antoclaves at room
temperatura. The nutoclaves were immediately
closed, and beat was applied.

After autoclaving, the specimens for the moat
part were subinerged in water and cooled to 21° C
before measuring the length, aa required in the
procedure of suteclaving as given in Federsl Speci-
fieation S5-C-158b, paragraph F-63f [8]. It
was found neceasary, however, to cool those epeci-
mens that exhibited very high expansions {10%
or more) in air to 21° C, becavse when cooled in
water the greatly expunded specimens were npt
to disintagrate.

For expansions under 2.5 percent, the com-
parator described in paragraph F-45 of S8-C-
158b [6) was wused. For higher ezpansions,
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The bar molds pro- .

methode giving values to within & bundredih of
an inch wera used.

V. ﬂutoclaves and Methods of
Autoclaving

Four autoclaves were used in this investigation—
ona, horizontal, gas-fired ; and three, vertical, elec-
trically heated. One of the latter was equipped
with a special device for the continuous olmerva-
tion of the expanding bar specimens.

1, Horizontal Gas-Fired Antoclave

The deteiled deseription of the horizontal, gas-
fired autoclave will be omitted because it was not
used in this investigation after it was found that
the expapsions obtained with It were somewhat
erratic and did not agree well with the concordant
results obtaimed with the three vertical autoclaves
that were alectrically haated.

It was found, for example, that the cement-lima
specimens placed in the npper part of the chamber
of the gas-fired autoclave expanded more than
companion specimens placed in the lowor part.
It iz believed that the reason for this is the tend-
ency for the steam to become superheated in the
upper portion of A horizontal autoclave that is pus-
fired.

2. Varteal, Electrically Hented Autoclaves

The thres electrically heated autoclaves were of
auch a design that they met the requiremcnts of
Federal Specification 58-C-158b [6] for an auto-
clave to be used in the testing of portland cement.
Since prehminery experiments showed that the
rate of heating cement-lime specimens markedly
gffocted the resultant expansion of the bars, the
riute of hesting each autoelave to 205 hfin® was
determined. It ean he seon from figure 3 that
with cach antoclave the pressure of the saturated
steam in tha autoclave was raised to o gage pressura
of 285 Ihfin.? in 1 to 1% he, as required by the
stendard method for testing cement [A].

Autoclaves designated nz 1 and 2 were used in the
preliminary experiments whersin the cement-lime
and cement-lime-sand specimens were sutoclaved
at gage pressures of 25, 120, and 295 Ib/in® and
also in the bulk of the work where the awto-
claving was done it accordance with the standard
method for portland cement especimena {295
1b/in.%).
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The method of autoclaving at 295 ib/in.* was
‘used in accordance with ASTM and Federal
Specifications for testing portiand cement. When
the autoclaving was done at 25 and 120 lhfinf,
the heating schedule of the standard autoclaves 1
and 2 (fig. 3) was followed to the required pressure,
pfter which the pressure, or tempernture, was
maintained by manual control.

3. Special Autoclave for Continuous Observation
of Expansion

Figure 4 shows the apparatus that permitted
econtinuous observation of the expansion of & bar

feement or cement-lime specimens) during the

course of suteclgving., Figure 5 is & schomatic
deawing of the apecially equipped, electrically
heated sutoclave illustrated in fizure 4. The
device consisted of a high-pressure gage-glass
chamber, A, mounted on top of autoclave 3 by
mesans of & short lengih of threaded high-pressore
pipe serewed into o throaded hole tapped through
the eover plate of the autoclave. A free-maoving
sguare steal Tod, B, extended from the inside of
the autoclave through the connecting pipe into the
gage-glasa chamber. The top of ihe rod was
pointed in order to serve as a reference. The
lower end, which extended through the connecting

| Bpesisl acknowledgment k1 dus Emil Tratiner e his graoloneness in
ronsenting to the degoripiinn of bis mgeneousiy Meslpned autociave, which

permltted, for tha Ozt tims, the ohaervatian of o text speainsn during tha
calrne of Akt nyvlng.
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pipe into the autoclave chamber, was provided
with a steel disk, K, that rested on the top of the
test specimen, H, which was held vertically in a
rack, R, placed in the chamber of the autoclave.
With this arrangement, anh expanding test bar
caused the steel rod to rise in the gage-glass
chambear, and the movement could be observed
by sighting throtgh the parallel glass windows of
the chamber” By having the rod square, passage
of ateam and condensed water in and out of the
guge-glass chamber was assured. A small steel
apring, I, was attached to one side of the steel rod
tn provent the rod from falling out of the gage-
glass chamber whils the cover plate was being
placed and removed,

It was found that bars that were heing contm-
uoualy wetted during autoclaving gave erratic
und pnusnally larpe expansions. Therafore, it was
necessary to divert condensed dripping waier
awey from the test specimen located direetly
below the gage-glass chamber, and henee a copper
flashing, J, {fig. 5 was attached to the movable
square gteel rod directly above the steel disk that
rested on the top of the specimen. As a check ovn
the performsnce of the test bar carrying the
movable stesl rod, s duphcate bar was always
placed in the same sutoclave away from the drip-
ping condensed water; after autoclaving, both burs
were measurad with 4 comparator,

In operation, the test bar was placed in a rack
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Asgmenbly af specinlly equipped autoclove o

AL Oinigesglnss chamber moanted an togs ol nuteelavo: B, movabls siumre stiel
ried oxteniling fram top of speclman bite thie gape-elees ol bee; O, ik
valve, I3, mthetaomeler for messsuring moyement of movabbe steel rod; 12,
ibdaghes Decimie fisr cad lelombeder; F, virdae, G, voltioeter,

in the autoclave, and the eover plate with the
attached gage-plass chamber, togethor with the
inserted steel rod held in place by the restricting
spring, was lowered into place in such a manne
that the steel disk ar the lower end of the rod
came to rest on the flat top of the test bar® The
cover plate was then bolted down and the vent
valve, U7, was openad

The position of the point of the free-moving
steel rod was loeated by means of the cathotom-
eter, 1, (fig. 4), which was lirmly mountod on o
stone hase, E,

The heaters were then turned on, and the water
in the bottom of the autoclave was hrought to
hoiling,  After the air had been displaced by
steam, the vent valve, C, was closed. The auto-
clave was heated 1o o final pressure of 285 lb/in?,
it which pressure the thermometer reading was
216% (. The rte of heating was controlled

*The wtes] rolorvses paidn thnl normnlly would e peesent al Gl togs of Hig

teat har, for memsceenant with o ot porstor, ol Dse pemavesd iduring
Inhrimtinn
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ik sl tache] to'lower cond of movabis steol rod and rest g on oo ol gpeei
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manually by means of the several heating units
of the antoelave, A variae, F, connected through
a voltmeter, (G, added flexibility to the control,
Rewdings of the position of the rising steel rod
were obtained eustly until the vent wos elosed
Immediately therealter, readings could not be
tnken with the enthetometer beennuse of the con-
densation of drops of water on the inside of the
elass windows of the gare-elase chamber. This

187



condition Jasted for about 1 or 2 min. However,
sizce the gage-glass chamber acted as o condenser,
the interior scon became completaly filled with
water.® From then on, the peint of the stes! red
was clearly vigible.

The shortest time within which the gage pressure
could be raised to 295 lbfin? was about 97 min,,
compared to the 70 min, required to heat the same
antoclave without the gage-glass chamber. This
97 min. is beyend the upper limit of 1Y hr specified
in B3-C-158b [6]. The increase in time was
cavged by the greater heat input required by the
condensing and refluxing of the water in the gage-
glass chamber and by the greater heat eapacity of
the specially equipped autoclave. The normal
heating schedule of specially equipped autoclave
3 is shown in figure 3.

Throughout the entire course of autoclaving,
readings were taken of the position of the point of
the moving steel rod with the cathetometer, of the
pressure with the steam gage, and of the temper-
ature with a thermometer inserted into & thermom -
ater well in the cover plata.

The design of the apparstus was such that
thermsl expansions were included in the mensure-
ments. The thermal expansions of coneern were
those of the free-rnoving steel rod, the teat bar, amd
the part of the autoclave below the lower end of the
test bar. This combined thermal cxpansion was
determined by inscrting a test specimen that had
previously heen autoclaved at a gage pressure of
295 Ibfin.?, sctting up the equipment as in & normal
test procedure, and heating to 295 lbjin? The
movement of the point of the steel rod was
observed and taken as the thermal expansion of
the combined parts. The previcusly sutoclaved
test bar used in this experiment was measured
with & eomparator before and after sutociaving
and was found to have shown no subsequent

expansion. These results were checked by replac-

ing the coment-lime teat bar with n steel bar of .

equal length and of known coefficient of expansion.
The magnitude of the thermal expansion compared
with the observed total expansion of the test
specimens will be discussed later.

& To compesnsmbi: for water eondensed o the gape-glass shntaber, 20 m] of

water, mihor thun the omea] S5m], was placed In ki pecinl duteelaye 3t the
Bkart.
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VI. Besults and Discussion
L. Preliminary Experimants

Table 3 gives data on some preliminary experi-
ments on the expansion of ecement-lime and
cement-lime-standard sand spocimens that were
autoclaved at stenm-gage pressures of 25, 120,
andd 295 1bfin?, respectively. It can be seen that,
without exception, increasing the pressure of
asutoclaving from 25 to 120 to 205 lbfin? was
attended by an ineresse in the percentasge of the
linear expansion,

Alse, increasing the proportion of lime to
cement from 20C:1L to 1C:IL invarisbiy; ER-
gulted in a marked increase in expansion at ﬁﬁh
pressare of autoclaving. Incressing the propor-
tion of lime in the cement-lime specimens resulta
in & decreare in the strength of the specimen and
therefore & decresse in the ability of the speci-
men to resist expansive forces. It is believed
that an increase in expansion attending & decrease
in the strength accounts for the relatively high
expansion valuez of the 1C:1L:55 group. In
fact, the weakness of the sanded bars and the
difficulty of their preparation and handling dis-
cournged further work with sanded specimens.
In addition, the possibility of & variable being
introduced becauze of a probable pozzolanic
reaction between the lime and sand during auto-
elaving further operuted against their use.

Figure & shows the increase in expansion ai-
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= Regularly hydrsted delomitle Time.
& Highly brdmied dolomitic lHime,

tending an incresse in the time of awtoclaving = practicable time. It was found, however, that

apecimens conttaining hydrated limes {26 and 38)
at & pressure of 25 lbfin®. The expansion curves
indicate that the ultimate expansion had not been
reached after 7 he of sutoelaving, The invasti-
gation of the effect of time of autoclaving st &
pressure of 25 lb/in®. was not extended heyond
7 Lir, because even that is too long for a contin-
uous laboratory test procedure.

It became evidant from thesa preliminary ex-
periments that the pressure of nutoclaving is an
important factor with respect to the magnitude
of the expansion. It is also evident that at lower
pressures the total expansion is not reached within

Euxpanaive Characiaristics of Limes

cement-lime bara as well as portland-cement bars
undarwent mo further expansion &t 205 lbyin®
when autoelaved for periode in excess of 3 hr. It

‘wae decided, therefors, to shandon [urther work

with lower pressores and to limit all further ex-
periments to autoclaving for 3 hr at a pressure of
2¢5 lb/in 2,

2. Effect of Incrensing Proportion of Hydrated
Lima on Expansion of Cement-Lime Hars

Table 1 {cols. 11, 12, and 13} gives data on the
expapsion of cement-lime bars prepared I the
proportions  of 2C:aL, 1C:0L, and 10:2L,
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by weight, respectively, and autoclaved for 3 hr
at & gage pressure of 295 lbfin®

The valuea for the percentage of expansion re-
corded in eolummna 11 &nd 13 are averages obtained
by single operators from duplicate specimens.
Forty-three of the values in column 12 represent
the averages for duplicate detertninations of three
independent operators; the remainder are the
average of duplicate determinations by & single
operator.

Figures 7, 8, and 9 show the respective ex-
pansions of the 2C:1L, 1C:1L, and 1C:2L bars
feols, 11, 12, and 18 of table 1), plotted apainet
the percentagas of unhydrated oxides (col. 10 of
table 1} in the hydeated lime used in preparing
the bara. Beveral sslient features are avident from
table 1, and figurcs 7, 8, and $.

From the fipures it can be seen that the limes
are distributed into twe major groupas. One is
composed entirely of the regulavly hydrated dolo-
mitic limes (series B} and is characterized by con-

taining those limesz having the highest percentage
of unhydrated oxides and the highest percentags
of expansion. The other grovp iz comnposed of
the remaining limes (series A, C, and D},

The high-caleinm limea {peries A) are character-
izad in genersl by having the lowest percentages
of unhydrated oxides {0 to 3.9 percent) snd the
lowest percentages of expension. This can hest
be observed from table 1.

Muat of the highly hydrated dolomitic limes
(series C) have percentages of unhydrated oxides
f1.4 to 4.0 pereent) and, with one exception, ex-
pansions that are comparable to those of the high-
calcium limes, These are limes 49 to 65, inclu-
sive, and are all commercially available limes.
The others (limes 66 to 76, incl.} hnve percentages
of unhydrated oxides (5.1 to 12.6) and exzpansions
that are greater than those of the high-calcium
limes. Among these limes are 67, 68, 71, 75, and
76, which were sxperimentally prodicad.

The four mognesian limes (series D} exhibit
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The rpesiavens were all prepared with coment 140, which, withoat the additon of hydrated 1ine, had 5 Hvear 4xpantion of 0,10 porenk.
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Tha zpecimens were 8l prepared with cement 10, whlch, wlitnouk the pdditlen of birdratsd Hme, bad a lnesr expansion of 0.11 percont.

unique hehavior in that each megnesian lime
shows a lower percentage of expansion than other
limes with a comparable percentage of unhydrated
oxides.

From table 1 it can be aeen that, for the himes of
oach series, sn incresse in the proportion of lime
in the cement-Jlime bara is,’ without exception,
attended by an incroase in expansion. This rela-
tion is also shown in figure 10, where the por-
centages of linear expansion of the 2C:1L, 1C:1L,
and 1C 2L bars are plotted consecutively.

Figure 10 shows, again, that as a group the
kigh-calcium limes give the lowest expansions in
the three cementlime proportione, and that a
majority of the highly hydeaied delomitic limes
give expansions comparable to the high-ealeium

Expansive Characteristics of Limesa

limes. It also reveals that the expansions of tha
remaining 11 highly hydrated dolomitic limes,
which include the six cxperimental limes, are
intertnediate betwezen those of the high-calcium
and the regularly hydrated delomitic limes, How-
evor, in the 2C:1L proportion, the expansions
of the high-calcium and all of the highly hydcated
dolomitic limes fall within a narrow range—with
only one exception, under 1.} percent. As the
proportion of the lime in the bar inereases from
20:1L to 1C:1L, the spread in expansion is
greatly acecentuated for those highly hydrated
dolomitic limes having expansiona beyond the
range of the high-calcium limes. The epresd in
expancion is even more accentuated in the 1C:2L
hars.
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Fioore 9, Linear sxpansion of cemend-Time bars prepared with hydraled limee conlaining varfons amonnts of unhpdraled
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895 th/ind,

“The specimens werd a 1l prepared with cement 10, which, wibgut the sdditlon of hardrated 1, had o loear erpanshon of 011 pefrent,

In figures 7, 8, and 9 the expansiona of the
2C:1L, 1C:L, and 1C:2L bars were plottad in
each ease against the calculated percentage of
unbydrated oxide in the constituent ime. How-
aver, the percentages of unhydrated oxide in the
2C:1L, 1C:1L, and 1C:2L mixes are respectively
one-third, one-half, and two-thirds of that of the
percentage of unhydrated oxide in the lime.
Aecordingly, figere 11 shows the relation betwasn
the percentages of expansion of 2C:1L, 10:1L,
and 1C:2L bars and the corresponding percentage
of unhydrated oxide in the dry mix.

Onee mors, it can be seen from fipure 11, where
the percentapes of expansion of the 2C:1L, 1C:1L,
and 1C:2L bars are plotted side by side, that
ab inerenss in the proportion of lime in the bars is

192

accompanied by an ineresse in expansion, But
more important, the thres grapha making up figure
11 show that the percentage of unhydrated oxde
in the mix must be low if there is to be assurance
that the expanzion will also be low. It is also
evident that the limiting percentage is not the
same for each proportion of cement to lime. This
percentage apparently narrows sa the quantity of
cement decreases and the bars correspondingly
become wesker and ore less able to resist the
expabsive forces attending the hydration of the
unhydrated oxide. For example, with the 20:{E
bars, the total unhydrated oxide may be n.s‘hjgh
as 4 percent and yet the expansion of the’ bara
remain below 1 percent. With the weaker $C:1L
bars, the percentage of unhydrated oxide- that
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Bacvre 10. Increase in linear eepansion aliending an dnerease in the proportion of lime in somend-lime bars qufo-
clared for § hr al a goge pressure of 235 hifn

can be toleratad appears to be lesa, becgnse at 4
percent the expansion mey ezcead & percent.
With the still weaker 1C:2L bars, the expansion
of the bars with 4 percent of unhydrated oxide
may reach wvalues in the neighborhood of 10
percant, In fast, even with little or no unhy-
drated oxide, the bars of the 10:2L series show
expansions considerably greater than thosa of the
other two mixes. It iz not known whether this
can he attributed in part to the cement itself
becanse of the inability of thesa wealt bars to
resist the expansiot of some of the conatituents of
the cement. It iz interesting thar the uniqua
magnegian limes, which show less expansion than
other }imes with comparable percentage of unhy-
dratad oxide, begin to show appreciable expan-
sion in the 1C:2L bars.

Expanalve Characisristics of Limes

TO3448—48—38

3, Reproducikility of Determining Percentage of
Expansion of I Cement:l Lime Test Spacimens

Table 4 gives data on the percentage of linear
axpansion obiatied by three operators with dupii-
cate cement-lime bars prepared in the proportion
of 1 part cement to 1 part lirme, by weight, and
autoclaved at a steam-gage pressure of 295 lbfin ¥
for 3 br. In addition, it gives for each operator
the percentage of water used in Inbricatiog the
duplicate bars and the Vicat penetration of the
cement-lime pastes. Forty-three samplea of hy-
drated limes wera selected for this study. In cer-
tain instances coly one of an operator’a duplicate
bars was avtoclaved,

Although the.dstes at which the teats were per-
formed are not given in table 4, the experiments
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putrposely were not meade at the same time. The
time period between the testing by operators B
pod O way approzimately 1 month. Operator A
did most of hie testing whout 1 yenr later,

It can be seen from table 4 that not only did
the percentages of expansion of the two duplicate
bars of each operator agree closely, but that the
percentages of expansion obtained hy the three
differant operators were in pood agreement.

For the purpose of & statistical treatment, the
various hydrated limes were divided into five
nearly homogeneons groups. These inelude series
A, high-calcivm: series B, regularly hydrated
dolomitic; series D, magnesian; and two subdi-
vided groups of series U, highly hydrated dole-
mitic. One of thase groups of serice O included
the highly hydrated dolomitic limes having per-
centages of both unhydrated oxide and expan-
sion of the same order of magnitude ss those of
the high-calcium fimes, nately, limes 49, &, 55,
57, 5%, 61, and 85, all of which had expsnsions of
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leas than 0.40 percent. The other group contained
the litnes in seriezs C having the high expansions:
thosa ranging from 1.1 to 5.6 percent. A single
classification analysis of variahce [13] was made for
each proup to test whether there was a signifi-
cant difference among the averages obtained by
the three operators. No significant difference
was found.*

4. Effect of Different Portland Cements on Expan-
gon, of Cement-Lime Bars

Table 5 gives data on the ezpansion of eement-
lime bars prepared with 17 cementa (ranging in
expansion from 0.00 to 0.30 percent), The 30
selected limes are grouped, as heretofore, in four
aeries.

The values for the percentage of expansion of
the 17 cements (tested in aceordance with the

1 The suthors thank Biephea W. Benedict for it statltics] Anaiyaks of

the repreducibllity 5! detarmining the pecentage of sxpension o Seiwed -
Iime teal apsoimwany.
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standard method of test for antoclave axpansion
of portland cement [6]} sre given in brackets
directly below the numerical listings of the
cementa, Tha values for the percentage of ex-
pansion of the cement-lime barz are listed in each
column. In addition, the percentage of expansion
obtained after subtracting the percentage of ex-
pansion of the cements from the percentage of
expansion of the cemont-lime bara iz given in
parenthesas.

The data are insnfficient for the application of
statictical analysis. WNevertheless, sevaral perti-
nent observations sy be made. Inspection of
the expansion values of the cement-lime bars of a
particular fime reveals that as the expansion value
of the constitvent cements increages there is a
definite trend for the expansion value of the
cement-lime bara to increasa alse. This indicates
that the cxpansion of the cement used ie a factor
of moment, and that it is necessary to apply a
correcticn for the expansion contributed by the
cement. By the method of trisl and error, it can
bhe shown that arbitrarily aubtracting the expan-
sion of the neat cement, from the total expansion
of the cement-lime bar gives the most uniform
resulta for the “net’”’ expansion of & hme, Net
ecxpansion values obtained in this manner are
shown in parentheses in table 5. Even the net
expangion valyes for a particular lime, however,
tend to increass somewhat as the expansion values
of the cements inerease. For purposes of & tost
procedure, the variation in net expansion values
could be further reduced by eliminating the use of
cements of very low or high expansion. For ex-
ample, good agreament of net expansion values is
shown in most instanaes when the expansion values
of the neai cements range between 0.05 and 0.15
pereent.

It is realized that the above conclusions are
hasad on limited data and that it would have bean
desirable to have determined the expansion values
of all the limes with all the camenta. Unfortu-
nately, this phase of the Investigation was the last
undertaken, and a more complete study was no
longer possible because of the limited quantity of
materials remaining,
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5. Bahavior of Cement-Lime Specimens During
Course of Autoclaving *

{a) Expagsion of Specimens During Normal Heating Schedile
f Special Autociove

Figura 12 shows the normal heating schedule of
the specially equipped autoclave; the thermal ex-
pansion of the parts of the autoclave, including
the thermal sxpansion of the bar; and the expan-
sion of bars prepared with threa regularly hydrated
dolomitic limes, three highly hydrated delomitic
limes, and one neat portland cemant. The thermal
expansion reachad (.4 percent at 216° O {steam-
gage pressure of 295 Ihfin®). Subiracting this
value from that recorded for portland cotnent
at 216° C, or 0.6 percent, gives the value of 0.2
percent for the expanaion of the neat portland-
cament bar as compared with .11 ag determined in
accordance with the standard method of test for
autoclave expansion of portland cement. It is
believed that this elight difference in determining
perceatage of expansion of the eement can in part
bw ascribed to the method used in determining the
parcentage of thermal expansion. Howaver, inne-
much as the thermal expansion is insignificant
when compared to the expansions of bars prepared
with hydrated limes containing appraciable gquan-
tities of unbydrated oxide, no further studies
wera made to determine whether the thermal ex-
panzion could be ascertzined more accurately.

The curves repregenting the expansion of the
neat portland-cement bar and the cement-lime
bars shown in figure 12 invelve not only tha ther-
ma! expansion but alzo the expansion accompany-
ing tha hydration of the constituents of the teat
specimens. To obtain the expansion other than
thermal, ona should therefore subtyact the per-
centage of thermal expansion st any specified
time from the total percentage of expansion ns
shown in figure 12.

The seven curves depicting the expansion char-
acteristics of the cement-lime bars shown in figore

12 were chosen primarily because they were more
T The muthors ara indeblad to 12, 7. Fink sod Bmél Trattoer for the am of
thedr dats on the bohutior of cerment-lime specimens during the coerse of

Abenving, previmsly preaented at the Twonty-Eighth Annual Conventlon
of tbn MNatlonsl Lime Amsociation. March 14,
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Fioung 12, Normal heating sehedule of the specinl awtoclare, thermal expansion of the bar and parie of the aufoclase,
' erpanyign of o heat portland cement bar, and exponsions of cemeni-lime bors prepared with three regularly hydrated
aned three highty hydrated delomitic Hmer in the proportion of FC:1L,

or lesa typical of those obtained with other hy-
drated limes over this range of expansion. No
curve showing the expansion of & cement-lime bar
prepared with 2 high-calcium lime is plotted in
figure 12, gince such a curve would be obscurad
because it would very closely coincide with the
ong plotted for the portland cement. It can be
geen from figure 12 that the curves expressing the
expanzion of the cement-lime test apecimens are
S-shaped, with a flattening accompanying a de-
crease in the totsl expansion. A% tha normal
beating schedule, only a slight amount of the
total expansion cccurred before the elapse of 45
min, or before a temperature of about 150 O was
reached. This was followed by a rapid rate of
expansion which, in turn, tapered off before a
temperature of 216° C was reached. Conse-
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quently, there is little to be gained by continuing
the heating at 2167 C for more than 1 hr.

After pubtracting the percentage of expansion
of the partz of the autoclave at 216% C from each
of the values of the cement-lime bars at the same
temmperature and comparing the percentapes of
expension thus obtained with thoss vecorded in
tahle 1 for similar 1:1 eement-lime bars, it was
found thet the expansions obtained with the
apecial antoclave were for the most part appre-
ciably lower thar those recorded in table 1. The
moat logical explanation for the lower percentage
of expansion with the use of the special autoclavs
appented to be associated with the lower rate of
temperature rise during autoclaving. Conse-
quently, a seriea of experimanta was rade of the
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rate of expansion of the cement-lime apecimens
when heated inm the special autoclave at a still
further retarded rate.

(b) Effect of Retarding Rate o Hecbng oo Exponsdon

The results cbtained with three of the limes
{40, 73, and 86) are plotted in figure 13. The
retardation was started at the end of 30 min, or
when the temperature reached 120° C. At this
point, but litile expansion had oceurred in the
epecimens. ‘The rate of heating wae then retarded
8o that the temperature did not reach 216 C until
the end of 175 min, rather than 97 min as in tha
case of the normal rate of heating. From figure 13
th i8 evident that not only was the rate of expansioh
retarded at the elower rate of heating, but, more
important, the total expansion was decidedly less.

" These exprriments show the grest importance of

defining the heating echadule of an autoclave, by a
specification for the sutoclave testing of expansion
of & cement-lime ppecimen.

VII. Application of Results to Selection of
a Proposed Specilication for Soundness
of Hydrated Lime

It should be recalled that the primary purpose
of the investigation wea to study the expansive
choracteristics of hydrated limes and to ohtain
data and information that might be used in formn-
lating an accelerated performance teat sccaptable
for & specification for the seundness of hydrated
limes.

Accelersted perforinance tests havebeenincorpo-
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rated into many specificntions for the selection of
various materials.  The need of & test that both
accelerates and amplifies the potential expansion
of o hvdrated lime in service is apparvent from
considorations of o typical plaster failure involving
pxpansion.  Figure 14 shows o marked failure
that oceurrsd in white coat along the side of & con-
crete beam when the expansion of this coat became
excessive. Chemical and thermal analyses indi-
cated that the white cont had been prepared from
u mxtuee of gypsum gaging plaster and o novmally
hivdieated dolomitie finishing lime that had con-
tained considerable unhydrted MgQ.  The slow
hydration of the Mg in the set and hardened
white coat to Me(OH ) bad resulted in g enmula-
tive expansion of such o magnitude that the white
poat had sheared away from the underlying base
cout of gypsium bond plaster that had been applied
to the conerete beam.  Caleulations based on
measurements of the bulge in the white coat revealed
that & lmear expansion as low as (0.5 pereent
appems to aceount for o =eparation of the mogni-
tude shown in figure 14, The fact that =ach

Plaster failure frvoleing the expansion of abat
0.8 pereent dn the white doat ialang the afefe af @ conerole

Frovrme 14
b,

failures usually do neot lake place nntil some 5 to
10 w1 (o longer) alter o building has been erected
shows the pecessity of an accelerated test for
judging the soundness of hydroted lime, provided
u performmnee test s to be used.  Also, the foet
that enly a very small expansion can be tolerated
within a set and hardened plaster or mortar with-
out causing trouble shows the desimbility of
amplification of the potentinl expansion of the

Expunsive Characteristics of Limes

constituents composing  the plaster or mortar,
There 158 no valid reason for not aceepling an
aceelerated test procedure that amplifies expansion
provided it clearly differentiates hydrated limes
having low potentinl expansions from all others.
In fact, amplification has a definite advantage
in that it facilitates this differentistion,

The factors to be considered in the seleetion of
g moethod best suited for an acceloratod porform-
anee test, and the selection of o plaugible limit to
the percentage of expansgion will now be disenssed.
However, it i5 not the purpose gt this time to
write o detailed speciliention,

1. Selection of Method

The selection of a test procedure for o specificn-
tion for soundness of hydeated lime should be
based on severnl eriteria, Arnnug tho  most
important of these are the following:

1. The test should elearly  differentinate the
hydeated limes having low potential expansions
from all others,

2. The procedure should be reproducible.

g, It should not be neeessary to repeat the test
too often beesuse of such factors ss frequent
breakage of weak test specimoens in hondling.

4. The time required to complets the test
should be ns short as Teasible.

4. The procedure, if possible, should he adapt-
whle to appuratus aleeady available in oomerous
testing laboratories.

O the basis of these criterin, antoclave testing
at 8 steam-gage pressure of 25 Ihfing would be
chiminated by eriterion 4, because at this pressure
ultimate expansion of ecement-lime bars is not
gttained even after ¥ hre of sutoclaving (fig, 5).
On the other hand, the time period reguired for
gutocloving ot 205 1b/in? is much shorter, actually
slightly over 3 hr, for the entire procedore of
sutocluving, divided as follows: Time of raising
pressure to 205 Ihfins, from 1 to 14 he; time of
continued heating ol this pressure, 1 hre (see fig,
12} and time of cooling autocleve, | he, Further-
more, sutoclaving at 285 Thfin? seems particularly
desirable, because numerous testing and ressarch
lnboratories throughout the country are equipped
with autoclaves so designed that the gage pressure
can be raised to 295 Ib/in.? within 1 {0 15 hre and
sutomatically mamtained thereafter at this pres-
sure.  Auwtoclaving at 285 Ib/in?, therefore, meets
both ecriteria 4 and 5.
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Aithough a test procadure very likely could he
devised for autoclaving cement-lime specimens
at some gage pressure between 25 and 295 Ibfin ?,
it iz doubtful if suioclaving at on intermediate
pressure would have any advantages over auto-
claving at 295 lbfin 2

The next factor to be discussed is tha salection
of that ratio of cement to lime in the test specimen
that gives the best indication of the potential
expansion of hydrated limes, All three ratios
(2C:1L, 1C; 11, and 1C:2L) could be used to differ-
entiate the ragularly hydrated dolomitic limes,
characterized by heving the highest porecntages
of unhydrated oxides and the higheat percentages
of expansion, from the remaining hydrated limes
{figs. 7, 8, and 9). There are, however, certain of
the highly hydrated dolomitic limes that appar-
ently have appreciable potential expansions when
tested in the proportions of 10:1L or 10: 2L that
do not clearly show this expansive potentiality
when tested in the propertion of 2C:1L (fig. 10).
With a 20:1L proportion, the percentages of ex-
pansion of all the highly hydrated dolemitic limes
are distributed rather uniformly over a narrow
range—with but one exception, from 0.1%8 to 0.88
percent. Therefore, a 2C:1L proportion does
not meet criterion 1.

In the 1C:1L and 1C:2L proportions, the
highly hydrated delomitic limes of low potcntial
expansions are easily differentisted from those of
appreciahle potential expansion. But, ss men-
tioned previously, 10:2L bars are fragile and
difficult. to handle without excessive hreakage.
Thersfore, by criterien 3, testing hydrated limea
in the 1C:2L proportion is eliminated. Conse-
quently, having eliminated the 2C:1L and 1C: 2L
proportions, the 10:1L proportion remains the
mygt degirabla. Bince it has heen shown that the
procedure of testing the cement-lime bers in the
10:1L proportion iz reproducible, eriterion 2 is
aleo met. In conclusion, therefore, testing cement-
lime hars prepared in the proportion of 1C:1L
and auvtoclaving at 285 lbfin® meeta gll of the
criteris set forth for a procedure for determmmg
the emmdness of hydrated limes,

2, Proposed Limit of Percentage of Expansgion

Bearing in mind that the test for soundness
should differentiate hydrated limes having low
potential expansions from all others, and that “‘Not
8 eingle instance has been found where bulging
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occurred in & white-coat plaster made with high-
caleium lime;"" [2], it would appear logical to Fmit
the percentage of expansion to that shown by the
high-calciiem limes. I the upper limit is placed at
0.6 percent without subtracting the percentage
of expansion of the cement, then all of the high-
caleium limes would be included and 18 of the
highly hydrated dolomitic imes; but at the same
time those highly hydrated dolomitic limes that
showed moderately high potential expansion would
he eliminaied. The litnit of G.6 percent may be
too restrictive in view of the fact that certain
cements might be used thet give slichtly higher
expansion than ¢ement 10, which was used in the
hulk of the experiments in the present investiga-
tion. It iz proposed, therefore, that the upper
limit of the linear axpansion for a test for soundness
be placed at 1.0 percent after subtracting the per-
centage of expansion of the cament.

It ia further proposed that portland cement mest-
ing the requirements of Federal Specification
880192 (type I} for poriland cement (ASTM
Designation; C 150-46) be used in preparing the
1C:1L test bara, and in addition that only those
cements having expansions ranging from 0.05 to
.15 be selected.

A limit of 1.0 percent should afford adequate
protection for the consumer and not work an
undue hardship on the producer.  All bigh-ealeinm
hydrated limes and guicklimes, if properly slaked
ap that the unhydrated oxide is reduced to alow
percentage, will casily tmeet the requirement; and
apparently if the highly hydrated dolomitic 1imes
have heen hydrated to the extent that the unhy-
drated oxide is reduced to less than 5 percent, such
products should also meet the requirement. The
16 highly hydrated dolomitic limes that meect this
requirement were all commercizlly produced.
The remaining 12 de not represent a true cross-
gection of this type of lime as now being produced.
Six, as stated previously, were experimentsl limes,
and the process of manufacture of several of the
others has beon modified, s0 thet there is good
reason to believe that. the percentages of unhy-
drated oxide and the expansions are now of the
order of magnitude of the high-galeium limes,

All of the four magnesian limes with the per-
centege of unhydrated oxide ranging {rom 5.9 to
12.7 would mest the 1-percent limit on expansion.
Two of these, namely, limes 79 and 50, with 9.8
and 12.7 percent of unhydrated oxide, respectively,
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would not, however, meet a composition requires-
ment that the quantity of unhydrated oxide shall
oot exgesd B percent by weight on the as-roceived
basis [3, 4].

On the other hand, it ia ulwlous that certain of
the highly hydmted dolomitic limes having
quantities of unhydrated oxide as low as 8 percent.
can, nevertheless, exhibit appreciable autcclave
expangion. In either case, zince an accelerated
periormance test phould be preferable to a limi-
. tation of the chemical composition, it is believed
that a limit of 1 percent on the expansion of
1C 1L bars is heiter than the 8-percent limit on
the unhydrated exides,

V. Summary

An investigation of the expansive characteristics
of hydrated limes was completed, and from the
dats obtained sn sceelerated performance test
was proposed for testing the soundness of hydrated
lime.

Samples of 80 structuml hydrated limes, repre-
sentative of the production in the United States,
were clazsified on the hasis of chemical analysos
and calenlated unhydrated oxide content as
high-caleium, regularly hydrated dolomitie, highly
hydrated dolomitic, and magnesian limes. The
percentage of unhydrated oxida for the high-
calcium clasa ranged from O to 3.9 ; for the regularly
hydrated dolomitic from 18.1 to 34.3; for the
highly hydrated dolomitic from 1.4 to 12.6; and
for the magnesian from 5.9 to 12.7.

On the basis of preliminary experiments, port-
land cement was solected. ae the most suitahle
hydeaulic material for gagng hydrated lime in the
praparation of test specimens suitable for auté-
claving. A technique for preparing, curing, and
. sutoclaving 1- by 1- by 10-ih. cement-lime bars
was developed. The method for determining the
lingar expanszion of cement-lime bars prepared in
the proportion of 1 cement to 1 lime, by weight,
and subscquently autoclaved at 295 Ibfin? for
3 hr was found to be reproducible by three inde-
pendent operators.

Data on the expunsions of cement-lime bars
prepared in proportione of 2 parte cement to 1
part: lime, 1 part cement to 1 pact lime, and 1 part
cement to 2 parts lime, by weight, and autoclaved
to 295 Ihsin.? gage pressure for 3 hr, showed that
bare prepared with the regularly hydrated delo-
mitic limes, which had the highest percentages of

Expansive Characteristics of Lipnes

unhydrated oxide, hed the highest percentage
of expansicn. The high-calcium limes, char-
acterized, in general, by the lowest percentagea of
unhydrated oxide, gave the lowest percentage
of expansion. Most of the highly hydrated
dolomitic limes had percentages of unhydrated
oxida wnd expansions that wets comparable to
those of the high-caleium [imes. The remainder
had percentages of unhydrated oxide and ex-
panstons that were greater than these of the high-
ealeinm limee. The four magnesian limes ax-
hibited wnique behavior in that each showed lower
percentape of sxpansion then other limes with
comparable percentages of unhydrated oxida.

An increase in the proportion of lime i the
cemeni-lime bars was attended by an inerease in
expansion and by better differentiation between
the classes within 2 eeries. Bare of the 1 part
cement to 2 parts lime series, however, were very
wank end were elimminated fmm consldemtmn for
& routine test method.

The effect of 17 different portland cemenis on
the expansion of cement-lime (1:1 by weight}
bars was investigated. The neat cements ranged
i expansion from 0.00 to 0.30 percent, nnd they
wers tested in part with 30 selected limes. The
expansion values of cement-lime bars for a par-
ticular lime tended to increase az the expansion
value of the conatituent cement incraased.
Arbitrarily subtracting the expansion of the neat
cement from the fotal axpansion of the cement-
lime bar gave the most uniform resulta for the net
expansion of the hime,

An autoclave was specially modified for ascer-
taining the behavior of ¢ement-lime specimens
during the course of autoclaving. The results
showed that only a slight ameunt of the total
axpangion of ¢ement-lime bars oecurred before a
temperature of 150° C was reached. Above
150° C, & rapid expansion rate was noted, which,
in turn, tapered off before a tempernture of 216°
C was reached, Since little expansion oecurrad
after the specimen had reachad the lititing tom-
perature of 216° C (equvalent to 295 Ibfin3
steam-gage pressure), it wes coneludad that con-
tinued heating at 216° O beyond 1 hr is un-
necessary for g test procedure. The resulta also
indicated the importence of & contvollad rate of
heating the autoclave to 216° C, as a decreased
rate of heating gave decreased expsansions.

It was proposed thet hydrated limes be tested

203




n the proportion of 1 cement:1 lime (hy weight),
that the cement used have an axpansion batween
0.05 and 0.15 percent, that the autoclaving be
done at 295 1bfin® gage pressure for 1 hr accord-
ing to a controlled schedule and, finally, that the
expansion obiained after subtracting the percent-
age of expansion of the neat cement bar from the
total expansion of the comentJime har be limited
to not more than 1 percent.

The authors express thanks and appreciation to
Emi] Trattner and G. J. Fink, former Research
Apsociates at the National Bureau of Stzndards,
for obtaiting a great portion of the data ob aute-
clave testa includad in this publication.
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